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Electric  Transmission  of  Power. 


A.  INDUSTRIAL 

operations  iin'olve  the 
utilization  of  energy. 

Whenever  work  is  to 
be  clone  energy  must 
be  expended.  We  find  in 
Nature  two  principal  stores  of 
eneryx'  of  which  we  lna^'  avail 
ourselves,  namely: — coal  and  falling 
water.  In  coal  rve  find  the  energy  in 
its  stored  or  potential  form  ; in  falling 
water  in  its  live  or  kinetic  form.  To 
convev  this  energy  from  those  places 
where  Nature  pro\ides  it  to  points  where 
it  mav  be  utilized  is  to  meet  a necessity 
of  civilization,  and  to  effect  its  conveyance  efficiently,  is,  perhaps, 
the  most  important  work  of  modern  engineering. 

The  economic  problem  is  to  bring  together  at  mini- 
mum cost  the  energy  to  be  utilized  and  the  work  to  be  done. 
Where  the  energy  is  derived  from  coal  this  is  usually  accom- 
plished b\-  hauling  the  coal  from  the  mine  to  the  place  where 
power  is  recpiired,  and  there  burning  it  under  boilers.  Another 
means  of  attaining  the  same  end  is  to  locate  engines  at  the 
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mine,  and  transmit  the.,  energy  in  its  kinetic  or  live  form  bv 
means  of  electric  apparatus,  cables,  or  sncli  other  methods  as 
may  be  applicable  to  the  existing  conditions. 

Where  water  power  is  the  source  of  energy,  transmission 
is  nsnally  effected  in  the  kinetic  or  live  form.  The  principal 
methods  available  are  : — 

H ydranlic  transmission. 

Pneumatic  transmission. 

Rope  transmission. 

Phectric  transmission. 

Which  of  these  methods  should  be  adopted  for  any 
given  case,  will  depend  upon  prer'ailing  conditions  and  recjuire- 
nients.  Except  for  very  short  distances,  however,  electric  trans- 
mission has  no  rival  in  point  of  economy,  flexibilitv,  efficiency, 
or  general  utility. 

Intimately  associated  with  the  problems  of  transmission 
are  the  problems  of  distribution  of  power.  The  cost  of 
developing  an  aggregate  of  i,ooo  h.  p.  by  a hundred  small 
steam  plants  far  exceeds  the  cost  of  developing  the  same 
amount  of  power  by  a single  engine,  and,  under  ordinary 
conditions,  the  difference  will  be  more  than  sufficient  to  pay 
a large  interest  upon  the  necessarv  investment  in  generators, 
distributing  circuits,  and  motors  recpnred  to  distribute  this  power 
from  a single  generating  station.  In  these  cases  the  saving 
of  fuel  is  onh'  a part  of  the  argument  in  favor  of  distribution 
from  a central  station.  The  .saving  in  supervision,  attendance, 
etc.,  and  the  great  econonl^’  of  space  effected  by  the  substitution 
of  a motor  for  a small  steam  plant  are  often  of  even  greater 
importance  than  the  resulting  econoni}'  of  coal. 
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Distance  and  Electromotive  Force. 


HE  DISTANCE  over  which  power  can  be  trans- 
mitted electrically  depends  primarily  upon  the 
electromotir'e  force  which  ma\'  be  safely  and 
jndicionslv  employed.  ( )ne  of  the  factors  enter- 
ino-  into  the  cost,  and,  conseqnently,  into  the 
animal  charges  of  an  electric  plant,  is  the 
investment  in  conductors  between  generator  and  motor.  This 
cost  increases,  — other  things  being  ecpial, — with  the  distance, 
and  it  increases,  not  in  direct  proportion  to  the  distance,  but 
in  proportion  to  the  scpiare  of  the  distance.  In  other  words, 
with  a given  electromotive  force,  the  transmission,  at  a certain 
efficiency,  of  a fixed  amonnt  of  energy  requires  four  times  as 
mnch  copper  if  the  di.stance  be  two  miles  as  is  necessary  if  the 
distance  be  one  mile.  On  the  other  hand,  the  amonnt  of  copper 
\‘aries  inr-ersely  with  the  square  of  the  electromotive  force 
employed  ; that  is  to  say,  if  the  distance  and  other  conditions 
except  the  electromotive  force  be  fixed,  it  will  require  one-fonrth 
as  mnch  copper  to  transmit  a certain  amonnt  of  energy  if 
2,000  volts  be  used  as  will  be  required  to  transmit  the  same 
energx'  with  equal  efficiency  over  the  same  distance  if  i,ooo- volts 
be  emplo}-ed  ; and  it  will  require  one-hnndredtli  as  mnch  copper 
it  10,000  volts  be  used  as  will  be  necessary  if  the  potential  be 
limited  to  i,ooo  volts. 

The  great  econoni}-  in  conductors  resulting  from  the 
nse  of  high  potentials  will  be  understood  npon  examination 
of  the  following  Chart  and  Table  : 
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TABLE  I. 


Cost  of  copper  required  for  the  delivery  of  one  mechanical 
horse  power  at  motor  shaft  with  i,ooo,  2,000,  3,000,  4,000,  5,000 
and  10,000  volts  at  motor  terminals,  or  at  terminals  of  lowering 
transformers. 

Loss  of  energy  in  conductors  (drop)'  equals  20  per  cent. 

Distances  equal  one  to  twent\‘  miles. 

Motor  efficienc}'  equals  90  per  cent. 

Length  of  conductor  per  mile  of  single  distance  equals 
11,000  feet,  to  allow  for  sag. 


Cost 

of  copper 

equals  16 

cents  per 

pound. 

Miles. 

1,000  v. 

2,000  V. 

3,000  V. 

4,000  V. 

5,000  V. 

10,000  V. 

1 

$ 2.08 

S 0.52 

S 0.23 

S 0.13 

S 0.08 

SO.O2 

2 

8.33 

2.08 

0-93 

0.52 

0-33 

0.08 

3 

18.70 

4.68 

2.0S 

1. 17 

0.75 

0. 19 

4 

33-30 

8.32 

3-70 

2.0S 

1-33 

0-33 

5 

52.05 

13.00 

5-/8 

3-25 

2.0S 

0.52 

6 

74.90 

1E70 

S.32 

4.68 

3.00 

0.75 

7 

102.00 

25-50 

11.30 

6-37 

4.08 

1.02 

8 

133-25 

14.80 

8.32 

'TO 

0*00 

1-33 

9 

168.60 

42.20 

18.70 

10.50 

6.74 

1.69  ■ 

10 

208. 19 

52.05 

23-14 

13.01 

8-33 

2.08 

II 

251.90 

63.00 

28.00 

^5-75 

10.08 

2.52 

1 2 

299.80 

75-00 

33-30 

1S.70 

T 2.00 

3-00 

13 

352-00 

88.00 

39-00 

22.00 

14.08 

3-52 

14 

408.00 

102.00 

45-30 

25-50 

16.32 

4.08 

15 

468.00 

1 17.00 

52.00 

29-25 

18.72 

4.68 

16 

533-00 

133-00 

59.00 

33-30 

21.32 

5-33 

17 

600.00 

1 50.00 

67.00 

37.60 

24.00 

6.00 

18 

675.00 

169.00 

75-00 

42.20 

27.00 

6-75 

19 

750.00 

iSS.oo 

83.50 

47-00 

30.00 

7-50 

20 

833.00 

208.00 

92.60 

52.00 

TO  TO 

3 J-J- 

Q T T 

The  figures  given  in  Table  i are  illustrated  graphicallv 
in  Chart  i,  the  abscissce  representing  distances  in  miles  from 
generator  to  motor,  and  the  ordinates  cost  in  dollars  per  horse 
power  delivered  at  motor  shaft. 
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The  cost  of  conductors  depends  not  only  upon  the 
electromotive  force  employed,  but  also  upon  the  loss  of  energy 
allowed  in  the  circuits. 


TABLE  2. 

Cost  of  copper  recpiired  to  deliver  one  mechanical  horse 
power  at  motor  shaft  with  valuing  percentages  of  loss  in 
conductors,  upon  the  assumption  that  the  potential  at  motor 
terminals  is  in  each  case  3,000  volts. 

I )istances  equal  one  to  twenty  miles. 

hlotor  efficiencv  equals  90  per  cent. 

Length  of  conductor  required  per  mile  of  single  distance 
equals  11,000  feet,  to  allow  for  .sag. 

Cost  of  copper  equals  16  cents  per  pound. 


X 

P: 

10  per  ct. 

1 5 per  ct. 

20  per  ct. 

25  per  ct. 

30  per  ct. 

I 

8 0.52 

8 0.33 

8 0.23 

8 0.17 

8 0.13 

2 

2.0S 

1-3 1 

0-93 

0.69 

0.54 

3 

4.6S 

2-95 

2.0S 

1-55 

1.2 1 

4 

8.32 

5-25 

3-70 

2-77 

2-15 

5 

13.00 

8.20 

5-78 

4-33 

3-37 

6 

^S.75 

11-75 

8.32 

6.23 

4-85 

7 

25-50 

16.00 

11.30 

8-45 

6.60 

8 

33-30 

2 1. 00 

14.80 

1 1. 00 

8. 60 

9 

42.20 

26.60 

18.75 

14.00 

10.90 

10 

52.06 

->9  ~ Q 

23-14 

17-31 

13-50 

1 1 

63.00 

39-75 

28.00 

21.00 

16.30 

1 2 

75-00 

47-20 

33-30 

24.90 

19.40 

13 

88.00 

55-30 

39-00 

29.20 

22. So 

14 

102.00 

64.20 

45-30 

33-90 

26.40 

15 

1 17.00 

73-75 

52.00 

38-90 

30.30 

16 

133-00 

83.80 

59-00 

44-30 

34-50 

17 

150.00 

94-75 

67.00 

50.00 

39-00 

iS 

169.00 

106.00 

75-00 

56.20 

43-80 

19 

1S8.00 

1 18.00 

83-50 

62.50 

48.70 

20 

208.00 

131.00 

92.60 

69.25 

54-00 
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Table  2 is  illustrated  <^raphicallv  in  Chart  2,  in  which, 
as  ill  Chart  i,  abscissie  represent  distances  in  miles  from  gen- 
erator to  motor,  and  the  ordinates  cost  of  conductors  in  dollars 
per  horse  power  delivered  at  motor  shaft. 

The  foregoing  curves  and  tables  illustrate  the  necessity 
for  the  use  of  high  potentials  in  transmitting  power  over  con- 
siderable distances.  For  example,  from  Table  i we  find  that  to 
deliver  one  mechanical  horse  power  at  the  pullev  of  a motor 
located  at  a point  five  miles  from  the  generator,  allowing  a lo.ss 
of  twentv  per  cent,  in  the  transmi.ssion  circuit,  it  is  nece.s.sary  to 
invest  about  $50  in  copper  conductors  if  the  potential  at  the  motor 
is  limited  to  1,000  volts.  To  deli\-er  the  .same  anionnt  of  power 
at  the  same  percentage  of  lo.ss  at  a distance  of  ten  miles  will,  if 
the  same  potential  be  employed,  necessitate  an  investment  of  $200 
in  copper. 

'rransmission  over  great  distances  mav  be  accomplished 
b^•  the  iise  of  \’erv  high  potentials,  and  for  any  given  distance  the 
investment  in  cuj^per  conductors  decreases  rapidly  with  increase 
of  potential  ; but  it  must  be  remembered  that  the  difficulties 
encountered  in  pnjper  construction  and  insulation  of  the  circuits 
will  increa.se  as  the  potential  is  raised.  A plant  .should  be  .so 
installed  as  to  jwacticalh'  obviate  all  danger  of  interruption  ot 
.seiudce  ; and,  therefore,  the  potential  selected  in  any  given  ca.se, 
while  high  enough  to  secure  reasonable  economy  as  regards  invest- 
ment in  conductors,  should  not  be  so  high  as  to  involve  any 
undue  risk  of  reliabilit\'  of  operation. 
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Insulation  of  Apparatus  for  High 

Potentials. 

ITHIX  certain  limits,  as  before  explained,  the 
employment  of  high  potential  means  economy 
in  investment,  and,  therefore,  one  of  the  prob- 
lems which  has  presented  itself  to  inventors  and 
designers  of  electrical  apparatus  has  been  to 
devise  means  wherebv  high  potentials  mav  be 
safelv  employed  and  controlled.  During  the 
past  ten,  or,  perhaps,  fifteen  vears,  a vast  amount  of  work  has  been 
done  in  this  direction,  but  until  recentlv  the  results  obtained  were 
largely  negative.  This  was  due  to  the  fact  that  for  a long  time 
the  attention  of  those  working  in  this  field  was  particularly  and 
almost  exclusively  limited  to  one  of  the  two  great  classes  of  electric 
machiner\-,  namely  : direct  or  continuous  current  apparatus.  INIore 
recentlv,  however,  the  po.ssibilities  of  alternating  current  machi- 
nery have  been  investigated  and  developed,  and  its  peculiar  and 
commanding  advantages  are  now  generallv  recognised. 

The  superiority  of  alternating  current  apparatus  for  tran.s- 
mission  rests  chieflv  upon  two  characteristics,  viz.: 

Fir.st  : — the  com])arative  simplicity  of  construction  of 
alternating  current  generators  and  motors. 

Second  : — the  possibility  of  employing  transformers. 

Experiments,  and,  indeed,  a wide  and  general  experience, 
have  pretty  thoroughh'  demonstrated  the  limitations  of  potential  in 
electrical  machinery  operating  with  direct  or  continnons  currents. 
Improvements  in  construction  and  in  methods  of  insulation  have 
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done  much  to  increase  safety,  and  to  make  possilde  the  use  of 
higher  potentials  than  were  practicable  a few  years  since  ; but 
investigation  and  experience  have  alike  Iwonght  out  the  fact  that 
there  are  certain  limitations  due  to  the  characteristics  of  the  con- 
tinnons  ciirrent  system,  and  certain  fundamental  peculiarities  in  the 
construction  of  direct  current  machinein-,  which  effectually  prevent 
the  emplo^•nlent  of  any  very  high  potentials. 

d'hat  part  of  a direct  current  machine  which  is 
especially  liable  to  cause  trouble  when  high  potentials  are 
emplo^•ed  is  the  commutator,  which  is,  of  all  the  essential 

elements  of  a generator  or  motor,  the  most  complicated  and 
expensive,  wliile  it  is,  at  the  .same  time,  the  most  delicate 

and  most  lialde  to  damage.  The  employment  of  this 
device  also  impo.ses  difficulties  as  regards  the  insulation  of  the 
conductors  used  in  winding  the  armature,  since  it  is  nece.s.sary 
that  every  turn,  or  each  group  consisting  of  a small  number  of 
turns,  be  connected  to  a segment  of  the  commutator.  Tliis  neces- 
sitates breaking  the  winding  into  many  parts,  and  leaving  a great 
many  e.xposed  conductors,  which,  of  course,  make  thorough  insu- 
lation of  the  armature  very  difficult. 

In  an  alternating  current  machine  there  is  no 

commutator,  and,  at  the  .same  time,  the  manner  of  placing 
the  wires  on  tlie  armature  admits  of  better  protection,  more 
thorough  insidation,  and  greater  facility  of  rej^air,  since  one 
wire  is  wound  continnously,  and  there  is  no  exposed  part 
e.xcept  the  collector  rings,  to  which  the  ends  of  the  wires  are 
connected.  It  is,  therefore,  po.ssible  to  in.siilate  the  armature  of 
an  alternating  current  machine  to  withstand  a much  higher  poten- 
tial than  may  be  safely  applied  to  the  armature  of  a direct  current 
generator  or  motor. 


18 


An  alternating;  current  collector  consists  simply  of  con- 
tinuous rings  of  hardened  copper  mounted  upon  the  shaft  which 
carries  the  armature,  and  separated  from  each  other  and  from  the 
shaft  by  heavy  rings  of  insulating  material.  There  are  very  few 
parts,  and  this  fact,  of  course,  facilitates  high  class  mechanical 
construction. 


A Two-Ring  Collector,  built  for  a very  large  machine,  is 
shown  in  the  accompanying  photograph.  Two-ring  collectors  ot 
tills  type  are  employed  in  the  two-wire  synclironous  system,  while 
four-ring  collectors  are  generally  employed  in  the  Tesla  poh’phase 
s}'stem. 

The  simplicity  of  construction,  and  the  ease  with  which 
the  rings  of  the  collector  may  be  insulated  for  very  high  potentials. 
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are  evident  at  a glance.  There  is  no  sparking  whatever  between 
the  brushes  and  collector  of  an  alternating  current  machine,  and 
the  mechanical  friction  of  the  brushes  iipon  the  continnons  ring 
is,  of  course,  a mininumi.  A collector  that  is  pro])erly  nsed  will 
last  almost  indefiniteh’. 


The  illnstration  shows  the  commutator  of  a large  direct 
cniTent  generator  (.)f  the  t}’pe  most  suitable  for  power  purposes. 
It  consists  of  a large  mnnber  of  copper  .segments  monnted  npon 
the  peripherv  of  a cvlinder.  In  the  completed  machine  the 
commntator  is  monnted  upon  the  armature  shaft,  aud  each  seg- 
ment is  connected  to  the  conductor  with  which  the  armature 
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is  wound.  Se.tjments  are  separated  from  each  otlier  and  from 
the  cylinder  upon  wliich  they  are  mounted  by  strips  and  bush- 
ings of  insulating  material.  In  onr  machines  mica  insulation 
is  employed  ; segments  are  of  tempered  copper  ; and  the  design 
and  workmanship  are  of  the  best.  Carbon  brushes  are  used,  and 
friction  is  reduced  as  far  as  possible. 
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Transformers. 


H HAVP^  ali'tach’  said,  the  second  ^^reat  advan- 
ta.i^'e  of  the  Alternating  Cnrrent  vSwsteni  over 
the  Direct  Cnrrent  System  as  regards  trans- 
ini.ssion  of  power,  is  funnd  in  the  use  of 
raising  and  lowering  transformers  for  increasing 
and  redncing  ])otential.  Alternating  current 
transformers  have  no  nio\-ing  parts,  and  in 
their  constrnction  .special  means  of  insnlation,  impracticable  in 
machinery  comprising  a rotating  element,  mav  be  adopted.  There 
is  no  electrical  connection  between  primary  and  secondar}-  coils, 
and,  b\’  immersing  these  in  oil,  an  extrenielv  effective  insulation 
can  be  secured.  The  photograph  upon  the  opposite  page  illustrates 
the  construction  of  sucli  a transformer  of  ten  kilowatts  capacity 
adapted  to  io,ooo-volt  service.  The  transformer  proper, — consisting 
of  the  primary  and  secondary  coils  and  the  laminated  iron 
surrounding  them, — is  shown  removed  from  the  box  or  case 
which  contains  it  when  in  use.  The  case  is  provided  with 
special  insulated  terminals,  with  an  oil  gauge,  and  with  a stop- 
cock, to  be  u.sed  in  drawing  off  the  oil,  if,  for  an)'  reason,  that 
is  nece.ssarv.  vSome  of  the  plates  of  laminated  steel  nsed  in 
bnilding  up  the  transformer  are  also  shown. 

Where  raising  transformers  are  used  it  is  imnecessary 
to  employ  high  jDotential  at  the  generator,  which  is,  therefore, 
usually  wound  to  deliver  its  current  to  the  primary  terminals 
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of  the  raising  transformers  at  a comparatively  low  voltage.  The 
transformed  energy  is  delivered  from  the  secondary  terminals  of 
the  transformers  to  the  transmission  circuit  at  a verv  high 
potential, — say  5,000  or  10,000  volts.  At  the  distant  end  of  the 
line  where  the  power  is  to  be  nsed,  step-down  transformers  of 
similar  construction  reduce  the  potential  to  a point  at  which 


it  may  be  safe!}'  distributed  to  the  motors.  The  high  potential 
nsed  in  ti'ansmission  is  in  this  manner  limited  to  the  raising 
and  reducing  transformers  and  the  transmission  circuit,  while 
the  motors,  switches,  and  all  measuring  and  indicating  instrn- 
ments  are  exposed  onh-  to  potentials  against  which  it  is  easy 
to  provide  pertectly  effecti\-e  insulation. 
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Direct  Current  Systems. 

HILH  LIMITATIONS  as  to  tlie  potential  which 
may  be  safely  msed  in  connection  with  direct 
cnrrent  generators  and  motors  restrict  the  ap- 
plication of  tliis  type  of  apparatus  to  those 
cases  in  which  power  is  to  be  transmitted  over 
a very  moderate  distance  only,  direct  cnrrent 
machinery  is,  nevertheless,  admirably  adapted 
to  transmission  and  distribution  of  power  where  distances  are  not 
excessive,  and  where  a great  \’ariety  of  conditions  as  regards 
motor  service  are  encountered.  Distribution  is  most  easily  effected 
by  means  of  a constant  potential  system,  since  to  snch  a system, 
motors  ot  all  sizes,  performing  many  different  kinds  of  work, 
mav  be  connected  without  mntnal  interference. 

Transmission  nnder  conditions  which  make  it  possible 
to  employ  a motor  for  each  generator  can  be  effected  b}'  a 
series  system  ; that  is  to  sa\',  a system  in  which  both  generator 
and  motor  have  their  fields  in  series  with  their  armatures.  The 
application  of  this  system  is,  however,  very  limited  ; and,  while 
it  is  possible  to  employ  higher  potentials  than  can  be  .safely  msed 
in  constant  potential  direct  cnrrent  apparatus,  its  nsefnlness  is 
comparatively  restricted. 

Referring  to  Diagram  i,  the  pnlley,  P,  represents  the 
source  of  power  employed  to  drive  the  generator,  G.  The  switch, 
S,  is  used  to  connect  the  generator,  G,  and  the  circnit.  The 
motors,  M',  M",  are  respectively  connected  to  the  circnit 

through  the  switches  S',  S".  If  the  generator.  Cl,  supplies  to  the 
circuits  an  approximately  constant  potential,  either  of  the  motors. 
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M',  M",  niav  be  connected  with  or  disconnected  from  the  circuit 
without  interference.  For  example,  tlie  motor,  M',  will  rnn  at  a 
certain  predetermined  speed,  and  will  do  its  work  equally  as  well 
when  i\I”  also  is  receiving  ciirrent  from  the  circnit  as  when  M"  is 
not  in  operation,  assuming,  of  conr.se,  that  the  machines  are 
properly  designed,  and  that  the  loss  in  the  circnit  is  not  excessive. 

In  Diagram  2,  the  ])nlley,  P,  represents  the  source  of  power 
employed  to  dri\’e  the  generator,  (1.  The  switch,  S,  is  nsed  to 
connect  the  generator  with  the  circnit,  L,L'.  The  current  from 
the  circnit  is  delivered  to  the  motor,  M,  through  the  switch.  S'. 
The  motor  supplies  power  to  the  pnlley,  P',  through  a belt. 

W'e  bnild  a number  of  types  of  direct  current  ma- 
chinery, and  of  each  t^■pe  machines  of  many  different 
sizes  and  capacities  are  made.  The  photograph  on  the 
opposite  page  illustrates  onr  400  h.p.  Alnltipolar  Generator, 
which  is  very  extensively  nsed  in  sinrplying  current  to  street  rail- 
way systems.  This  maehine, — and  others  of  onr  line  of  multipolar 
generators, — is  believed  to  embody  every  substantial  excellence 
known  to  the  art  of  dxnanio  design.  The  beanty  of  the  design 
and  modeling  ai'e  well  shown  in  the  photograph.  The  machine  is 
provided,  in  addition  to  the  bearings  required  by  the  armature, 
with  an  outboard  bearing  ontside  the  pnlley,  whereby  nndne  and 
unequal  strain  of  the  shaft  is  prevented.  All  bearings  are  of  the 
improved  self-oiling  type,  and  are  exceptionally  large.  Oil  gauges 
are  provided,  indicating  the  height  of  the  oil  in  the  reservoirs 
nnder  the  bearings.  The  oil  cannot  escape,  and  may  be  nsed  over 
and  over  again.  All  dnst  is  excluded  from  the  reservoir.  Carbon 
brushes  are  emploved,  and  the  brush  capacity  of  the  machine  is 
ample. 
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A feature  of  the  utmost  value,  and  oue  that  is  peculiar 
to  our  multipolar  machines,  is  the  emplo^mieut  of  laminated  steel 
field  poles,  which  are  cast  into  the  yoke  or  frame  of  the  machine. 
Kach  pole  piece  Js  built  up  of  a large  uundrer  of  extremely  thin 
sheets  of  soft  steel,  manufactured  exipresslv  for  our  Compauv,  and 
conforming  to  a predetermined  formnla,  which  experience  has 
shown  gives  the  best  resnlts  as  regards  magnetic  permeability.  As 
a resnlt  of  this  constrnction  the  magnetic  field  is  e.xtremely 
powerful, — nearly  double  what  is  possible  where  cast  iron  is 
employed.  The  advantages  of  this  in  the  design  and  operation  of 
the  generators  are  manifold,  bnt  j^erhaps  the  most  important  lies 
in  the  fact  that  the  reaction  of  the  armature  is  practicallv  powerless 
to  disturb  the  lead,  and,  conseqnenth',  the  machine  mav  be  ope- 
rated nnder  any  load  within  the  limit  of  its  capacit)-,  and  even 
nnder  a load  considerablv  e.xceeding  its  normal  capacitv,  without 
shifting  the  brnshes,  and  without  spark  at  the  commutator.  The 
great  practical  value  of  this  characteristic  will  be  understood  by  all 
who  are  familiar  with  the  operation  of  direct  current  machinery. 

On  ])age  29  we  illustrate  our  100  h.p.  INIultipolar  Oen- 
erator.  This  machine, — with  slight  changes  in  the  connections  of 
the  field  winding, — ma^■  be  nsed  as  a constant  speed  motor,  as  may 
also  an\-  of  the  machines  of  this  line  from  the  smallest  to  the 
largest.  As  generators  they  are  compound  wonnd,  and  when 
driven  at  constant  speed  will  deliver  current  at  a potential  which 
increases  gradnallv  from  500  to  about  550  volts,  this  increase 
corresponding  with  variations  in  the  amount  of  current  which  they 
are  called  npon  to  snpph'.  The  object  of  this  over-compounding 
is,  of  course,  to  compensate  for  the  loss  in  the  circuits,  the  inten- 
tion being  to  deliver  to  motors  a constant  potential  of  500  volts. 
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loo  H.  P.  Multipolar  Gexerator. 


An  Aniuiture  of  the  type  used  in  these  innltipolar  g’en- 
erators  is  shown  below.  In  this,  as  in  the  field,  workmanship 
and  material  are  the  best  obtainalfie,  while  the  method  of  con- 
struction is  such  as  to  entirely  ob\iate  the  use  of  band  wires  to 
hold  the  coiuhictors  in  place.  The  armature  core  is  composed  of 
many  hundreds  of  thin  steel  plates  similar  in  qnalit\'  to  those  used 
in  the  field  poles.  The  conductors  are  threaded  through  slots  near 


the  periphery  of  the  core,  and 
iron  by  heavy  insulating  tubes, 
construction  of  the  commutator, 
each  segment  is  separated  from 
mica  insulation. 


are  effectually  insulated  from  the 
The  greatest  care  is  taken  in  the 
Hardened  copper  is  employed,  and 
the  adjacent  .segments  by  the  best 
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Our  standard  line  of  multipolar  generators  comprises  the 
following : — 


MULTIPOLAR  DIRPX'T  CURRP:NT  BELT-DRIVEX  GENERATORS. 


MACHINK.  CAPACITY.  Ol'TFlT.  WPUGHT  IX  POUXD.S.  SPPUm.  PULLEY. 


500-Volt 

D.  C. 

Generator. 

Horse 

Power. 

Am- 

peres. 

Volts 

Net. 

Largest 

Piece 

Gross. 

Gross 

Boxed 

for 

shipin't. 

Speed 
R.  P.  M. 

1 iiaiiieter 

Face. 

No. 

Ins. 

Ins. 

00 

So 

120 

500 

SS09 

3393 

lOOIO 

750 

26 

10 

0 

100 

150 

500 

12000 

4500 

13250 

750 

26 

14 

I 

150 

225 

500 

16500 

4900 

18000 

625 

30 

16 

2 

250 

375 

500 

21150 

9980 

23150 

535 

34 

2S 

3 

300 

450 

500 

35000 

10030 

37800 

500 

32 

4 

400 

600 

500 

38000 

I 1270 

41000 

465 

40 

40 

5 

500 

750 

500 

64800 

I 2900 

68500 

375 

48 

48 

6 

700 

1050 

500 

70100 

74100 

390 

60 

56 

In  addition  to  the  multipolar  generators  we  manufacture 
several  other  direct  current  t\'pes.  The  illustration  on  page  32 
is  a photograph  of  a generator  of  our  Horizontal  Consequent  Pole 
Type,  which  is  extensively  used  where  machines  of  moderate  size, — 
ranging  from  20  h.p.  to  80  h.p., — are  required.  Thev  are  specially 
noteworthy  on  account  of  their  very  moderate  speed.  The  same 
machines  may  be  used  as  motors. 
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Horizontal  Type  Hkxerator. 

( )nr  list  of  standard  sizes  ol  this  type  comprises  the 
followinj^  : — 

HORIZONTAL  TYPE  MACHINEvS. 


CAPACITY. 


SPEED.  WEIOHT  (lbs.) 


C 


Generator.  Motor. 


.-\pproxiniate  No.  of 
Revolutions  per  Minute. 


125 

Volts. 


250,  500  [ 10,  220, 

Volts.  500  Volts. 


Generator.  Motor. 


Gross.  Net. 


Ath- 

peres. 

Watts. 

Horse 

Power. 

125 

\’olts. 

250, 

500 

Volts. 

1 10 
Volts. 

220, 

500 

Volts. 

9 

t25 

15625 

20 

875 

850 

840 

840 

4200  3900 

13 

200 

25000 

30 

800 

775 

760 

760 

5900  5200 

G 

250 

31250 

40 

575 

550 

525 

525 

8400  7500 

20 

300 

37500 

50 

610 

550 

500 

500 

I 0000  9100 

24 

375 

46875 

60 

550 

525 

500 

500 

II25O  , 10150 

3> 

475 

60000 

80 

485 

*^85 

450 

450 

1 4000  1 2800 

We  also  bnild  a line  of  generators  and  motors,  of  capac- 
ities not  exceeding  15  h.p.,  of  the  Letter  Type,  illustrated  in  the 
photograph  on  opposite  page. 


32 


Number. 


Letter  Type  CtKxerator. 

(Jur  list  of  standard  generators  and  motors  ot  this  type 
is  as  follows  : — 

LETTER  TYPE  MACHINES. 


CAPACITY.  SPEED.  \YEIGHTS  (lbs.;) 


Generator.  Motor  ^ Approximate  No.  of 

Revolutions  per  Minute. 


125 

Yolt. 

Am- 

peres. 

250,  500 
Yolts. 

1 10.  220,  500 
\’olts. 

Horse 

Power. 

Generator. 

Motor. 

Gross. 

Net. 

Watts. 

no 

Volts. 

250, 

500 

Volts 

I 10 

Volts. 

250, 

500 

\'olts. 

>s 

1600 

1600 

57 

39/ 

'4 

2000 

2000 

92 

67 

1 

1850 

1S50 

1 68 

137 

9 

<125 

I 

1900 

1900 

1900 

1900 

360 

300 

■5 

2K 

1900 

1900 

1900 

1900 

550 

47P 

30 

3750 

5 

1850 

1850 

1850 

IS50 

1 100 

1000 

45 

5925 

7>< 

1400 

1400 

1400 

1400 

1950 

1780 

60 

7500 

10 

1300 

1300 

1300 

1300 

2180 

2000 

90 

11250 

■5 

1300 

0 

0 

1300 

1300 

3190 

2990 
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P'or  use  in  connection  with  electric  cranes,  and  for  other 
kinds  of  work  in  wliich  low  speed  and  \’ery  strong  starting  torque  are 
specialh'  needfid,  we  freqnenth’  einplov  motors  of  the  so-called 
Manchester  type,  and  we  are  now  prepared  to  furnish  generators 
ol  the  same  general  construction.  These  machines  are  remarkably 
compact.  They  luu'e  few  parts  ; are  magnetically  and  mechanically 
symmetrical  ; and  among  bi-polar  generators  and  motors  are 
unexcelled.  (Jnr  list  of  standard  sizes  compri.se.s  the  following : — 


M.ANCHltSTKR  TYPE  CR.ANE  MOTORS. 


Horse  Power. 

A]jj)ro.\iinate 
Speed  at 

PTill  Load. 

6 rz 

X 0 ^ 
p 0 ^ 

I'Tl 
< 5i 

Starting  Torque, 
in 

I'oot  pounds. 

0 

'?cJ~ 

=:  X 

0 

Heiglit  over 
P'ields. 

Width  over 
Fields. 

2 

SS5 

1335 

300 

So'/s 

nA 

25T 

4 

6oo 

900 

560 

32^8 

19K 

26^4 

6 

6oo 

1200 

870 

36 

21 A 

27A 

8 

530 

830 

1000 

35  T 

24 

28  T 

12 

450 

75» 

2100 

4 Irk 

23 

35 

'5 

400 

650 

4600 

45 'A 

2S'/i 

39  if 

20 

350 

600 

7100 

64  If 

30 ‘-f 

42 
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As  previoush'  stated,  the  multipolar  machines  described 
in  the  list  on  page  31  can,  with  slight  changes,  be  used  as  motors 
as  can  also  the  direct  current  machines  of  the  horizontal  tvpe 
described  and  illustrated  on  page  32.  In  addition  to  these  and 
to  the  other  types  which  have  been  described  we  have  several 

sizes  of  onr  Ironclad  Street  Railway 
Motors,  which  mav  be  readily 
adapted  to  almost  any  kind 
of  work  for  which  electric 
motors  can  be  used.  These 
ironclad  motors  have  four 
poles,  and  are  particularly 
noteworthy  for  their  me- 
chanical strength,  high  efficiency^ 
\’ery  moderate  speed,  low  cost  of  maintenance,  and  abilitv  to  operate 
under  the  most  severe  conditions.  Like  the  multipolar  generators 
and  motors  described  in  the  foregoing,  they  are  electricalh', 
magnetically  and  mechanicallv  bal- 
anced. The  field  and  arma- 
ture coils  are  machine  wound 
and  in  ca.se  of  accident 
are  readih-  replaceable. 

The  first  of  the 
accompaining  illustra- 
tions shows  one  of  our  Iron- 
clad Rail  wav  INIotors  of  the 

single  reduction  type,  mounted  upon  a special  ba.se.  We  ha\-e 
designed  the  motor  in  this  form  for  use  under  the  extremelv 
difficult  conditions  prevailing  in  iron  and  steel  mills.  A num- 
ber ot  these  motors  are  now  in  use  in  prominent  mills,  where 
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they  are  employed  to  operate  cranes,  rolls,  and  transfer  tables. 

The  constrnction  of  the  armatnre  of  this  motor  is  shown 
in  the  second  photograph,  which  illustrates  the  iron  core,  the 
commutator,  and  one  of  the  coils  used  in  winding'  the  armature. 
The  core  is  of  laminated  steel  ; the  commutator  is  built  up  of 
segments  of  tempered  copper  insulated  by  mica  ; the  coils  are 
separately  wound  on  spools  held  in  lathe  centres,  and  are  insulated 
by  fibre,  insulating  varnish  and  rubber  tape  before  they  are 
applied  to  the  core.  During  the  constrnction  of  the  armatnre 
every  part  is  thoroughly  tested,  and  upon  completion  it  is 
subjected  to  the  strain  of  a potential  several  times  as  great  as 
the  armatnre  will  be  called  upon  to  withstand  in  practical 
operation. 
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Development  of  High  Potential  Alternating 

Sr’stems. 


'HE  WIvSTIXGHtJUSK  Electric 
and  INIanufacturiug  Company  is 
recognized  as  the  exponent  and 
adx’ocate  of  high  potential  s\'s- 
tems  where  conditions  make  such 
systems  superior  in  point  of 
efficiency  and  general  utility,  and 
where  it  is  practicable  to  introduce 
ample  precautions  to  prevent  danger  to 
life  and  property.  The  high  potential  alternating  current  machinery 
introduced  into  this  country  in  1885,  and  since  then  continuously 
developed  and  improved  by  this  Company,  has  been  imitated  by 
many  competitors.  The  prestige  of  being  first  in  the  field,  the 
services  of  many  of  the  most  distinguished  inventors  and  designers, 
and  the  ownership  of  a large  number  of  controlling  patents,  have, 
from  the  start,  given  the  Companv  a commanding  position  in  the 
field  of  alternating  current  work.  Eor  the  past  five  years  special, 
thorough  and  systematic  attention  has  been  given  to  the  develop- 
ment of  apparatus  adapted  to  long  distance  tran.smission  of  power. 

The  results  of  this  work  are  remarkable,  and  of  the 
utmost  practical  value.  We  have  developed  two  distinct  sv’stems, 
namely,  the  Svnchronous,  or  Two  Wire  Alternating  Current 
System,  and  the  Tesla  Polyphase  or  Multiphase  System.  Of  the.se 
the  latter  is  the  more  general  in  its  application,  and  is,  indeed,  a 
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universal  system  adapted  to  every  kind  of  service.  The  former  is, 
nevertheless,  of  great  \'alue,  and,  under  certain  conditions,  and 
to  meet  certain  reqnirements,  possesses  distinct  advantages. 

In  the  Two  Wire  Synchronous  System  the  generator  and 
motor  are  connected  by  two  rvires,  and  bnt  one  current  flows 
between  them.  In  the  Polyphase  Svstem  the  genei'ator  and  motor 
are  connected  by  three  or  more  wires,  and  two  or  more  enrrents, 
differing  in  their  time  relation  or  phase,  traverse  the  wires.  In 
the  Two  Wire  vSystem  the  nnniber  of  alternations  which  we 
usnallv  employ  is  7200  per  minnte  ; in  the  Multiphase  System  a 
lower  number  is  adopted.  The  Two  Wire  vSvnchronons  motors  are 
not  self-starting.  The  method  of  operating  them  involves  the  use 
of  a small  starting  motor  of  special  design,  which  is  used  to  bring 
the  large  motor  up  to  its  proper  speed  before  the  load  is  thrown 
upon  the  latter  by  means  of  a friction  clutch,  or  equivalent 
mechanism.  The  multiphase  motors  start  with  strong  torque,  and, 
consequently,  require  no  auxiliary  starting  device. 
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The  Two  Wire  Svnchronoiis  System. 


HE  T\V(J  WIRBt  vSynchronous  vSystein  in  its  simplest 
form  is  illustrated  in  diagram  3.  The  generator, 
G,  is  driven  by  a belt  from  the  pulley,  P, 
which  is  connected  to  the  shaft  of  the  prime 
mover,  — nsnallv  a turbine  or  water  wheel.  The 
switch,  S,  is  used  to  make  or  break  electrical 
connection  with  the  line,  E,  L'.  The  switch,  S',  is  used  for  a 
similar  pnrpo.se  at  the  station  where  the  motor,  IM,  belted  to  the 
load,  P',  is  located.  It  is  also  used  for  the  purpose  of  connecting 
the  small  .starting  motor  with  the  circuit  at  certain  times. 

The  method  of  operation  is  as  follows:  — When  the  line 
is  charged  by  the  generator,  indicating  instruments  at  the  motor 
station  notify  the  attendant  that  everything  is  ready.  The  switch, 
S',  of  the  dynamo  changing  tvpe,  is  then  closed  bv  throwing  the 
handle  to  the  right,  so  connecting  the  starting  motor  and  the 
circuit.  This  motor,  which  is  a Tesla  motor  of  peculiar  construc- 
tion, rapidly  comes  up  to  speed.  Arrived  at  speed,  it  is  used  to 
start  the  Synchronous  motor  bv  means  of  a friction  clutch.  In  a 
few  seconds  the  Synchronous  motor  is  at  proper  speed,  this  fact 
being  indicated  by  a special  switchboard  instrument  called  the 
Synchroni.ser,  and  the  attendant  then  throws  the  switch.  S',  to  , the 
left,  so  disconnecting  the  starting  motor  and  connecting  the 
Synchronous  motor  and  the  circuit.  The  starting  motor  is  then 
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allowed  to  stop.  The  whole  operation  of  starting  a Synchronous 
motor,  even  of  the  largest  size,  should  not  require  more  than  two 
or  three  minntes. 

This  explanation  will,  perhaps,  be  made  clearer  by 
inspection  of  the  photograph  on  page  39.  This  shows  one  of  onr 
250  h.  ]c  vSynchronons  motors  complete,  with  starting  motor, 
clntch,  and  pnlley  monnted  npon  the  same  base  or  bedplate. 


When  the  starting  motor  attains  fnll  speed  its  pnlley  is  bronght 
in  contact  with  the  narrow  pnlley  on  the  .shaft  of  the  Synchronous 
motor  bv  means  of  the  .screw  provided  for  sliding  the  starting 
motor  iipon  its  base.  The  friction  of  the  two  pulleys  is  sufficient 


42 


to  bring  the  annatnre  ot  tlie  Synchronons  motor  up  to  full  speed. 
The  switch  is  then  thrown  ; the  clutch  is  gradually  tightened  by 
means  of  a lever  provided  for  that  purpose,  and  the  small  motor 
is  brought  back  to  its  first  position,  so  that  the  pullevs  are  no 
longer  in  contact. 

The  photograph  opposite  illustrates  our  No.  oo  Synchronous 
(Generator.  The  capacit>’  of  this  machine  is  30  kilowatts. 
The  .same  machine,  with  some  changes  in  the  winding,  is  used  as 
a motor. 

The  photograph  upon  the  following  page  illustrates  our 
No.  4 Synch.ronons  (Generator,  capacity  450  kilowatts.  The  field 
poles  of  this  machine, — like  those  of  the  Multipolar  direct  current 
generators, — are  built  up  of  thin  sheets  of  steel.  The  bearings 
are  of  the  selt-oiling  type,  and  an  outboard  bearing  is  provided  for 
machines  of  250  h.  p.  capacity  and  Tip-, yards.  The  photograph 
shows  the  machine  without  the  iron  rails  upon  which  it  is  usually 
mounted,  and  upon  which  it  may  be  moved  in  such  a way  as  to 
permit  adjustment  of  the  belt.  Where  the  speed  of  the  turbine  is 
such  as  to  permit  direct  connection  with  the  generator  a coupling 
is  substituted  for  the  pullev. 
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Tlie  accoinpanving  pliotograph  illustrates  our  No.  i Two 
Wire  Synchronous  Motor.  The  rated  capacity  is  75  horse  power, 
and,  of  coi:rse,  in  machines  of  this  size  no  outboard  bearing  is 
required.  The  field  consists  of  a circular  yoke  of  cast  iron  having 
inwardly  projecting  pole  pieces  of  laminated  steel.  The  coils 
constituting  the  field  winding  are  wound  upon  metal  bobbins. 


which  are  slipped  over  the  pole  pieces  and  bolted  to  the  field. 
There  are  ten  poles,  and  the  standard  speed  of  the  motor  is  720 
revolutions  per  minute. 
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It  will  be  noted  that  the  field  is  di\-ided,  on  a horizontal 
plane  passinp;  through  the  shaft,  into  two  parts.  The  lower  field, 
and  the  supports  of  the  bearings  are  comprised  in  a single  casting. 
To  permit  adjustment  of  the  tension  of  the  belt  the  machine  is 
provided  with  a sliding  base,  npon  which  it  ma^•  be  moved  by 
means  of  tension  screws.  The  current  for  exciting  the  field  is 
obtained  from  the  armature  of  the  motor,  and  is  rectified  by  a small 
commntator  on  the  shaft. 

The  constrnction  of  the  armatures  of  both  generators  and 
motors  will  be  understood  from  inspection  of  the  accompanying 


photograjfiis,  one  of  which  shows  the  armature  complete,  while  the 
other  illustrates  the  method  of  winding.  The  armature  core 
consists  of  a large  number  of  thin  sheets  of  special  steel  having 
T-shaped  teeth.  The  coils  constituting  the  winding  are  wound 
upon  moulds  or  forms  held  in  lathe  centres,  and  ai'e  insulated  by 
stri])s  of  mica  and  fibre  covered  by  two  la^-ers  of  rubber  tape. 
The  completed  coils  are  slipped  over  the  T-shaped  teeth,  and  are 
pressed  into  their  proper  position  by  means  of  a special  tool,  shown 
in  the  photograph.  Well  seasoned  wedges  of  hard  wood  are  then 
driven  between  the  coils.  Xo  band  wires  are  required,  and  when 
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the  end  plates  are  in  position  the  coils  are  entirely  protected 
against  mechanical  injury.  li  irom  an}'  can.se  the  insulation 
becomes  damaged, — as,  for  example,  from  a discharge  of  lightning, 
— the  defect  is  usualh'  limited  to  one  coil,  and  this  ma}'  be  readily 
removed,  and  replaced  by  a spare  coil. 


The  standard  number  of  alternations  per  minute  employed 
in  this  system  is  7,200,  but  this  ma\'  be  varied,  within  certain 
limits,  to  suit  special  conditions.  Where  the  generators  are 
dri\'en  b}'  water  power  under  high  head  it  will  frequenth'  be 
practicable  to  couple  the  shaft  of  the  turbine  or  wheel  to  the  shaft 
of  the  generator,  and  it  may  not  be  easy  to  obtain  standard  speed. 
In  such  cases  it  is  allowable  to  operate  the  machines  at  higher 
speeds,  corresponding  with  8,000,  9,000,  or  even  10,000  alternations 
per  minute.  The  minimum  speeds  at  which  the  generators  are 
capable  of  delivering  their  rated  capacities  are  those  at  which  the 
respective  sizes  will  deliver  current  at  7,200  alternations  per 
minute.  In  all  cases  the  number  of  alternations  per  minute 
equals  the  product  obtained  by  multiplying  the  number  of  field 
poles  b}'  the  number  of  revolutions  of  the  armature  per  minute. 
The  number  of  poles  for  each  machine  of  our  standard  list  is 
shown  in  the  following  table,  in  which  the  capacity,  net  and  gross 
weight,  and  standard  speed  of  th.e  se\'eral  sizes  are  also  shown  : 
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4^  oj  to  --  o 0 ' Number. 


GENERATORS. 


Exciting 

Current. 

Weight 

IN  Pounds. 

Speed. 

R.  P.  M. 

.Amp. 

rt  ^ 

Net. 

Heaviest 

Piece. 

{.U'oss 

Wcij.;ht 

Boxed  for 

Shipment. 

6 

100 

30 

2470 

1125 

2860 

900 

10 

100 

50 

3962 

1309 

4600 

900 

12 

100 

75 

5963 

1955 

6485 

720 

20 

lOD 

150 

13200 

3360 

14000 

600 

35 

loo 

250 

23045 

5250 

24095 

450 

80 

TOO 

500 

3Qg20 

T0200 

45000 

400 

MOTORS. 


Num- 

Capacity. 

Weight  in 

Pounds. 

Speed. 

ber. 

H.  P. 

Heaviest 

Piece. 

Gross  Weight 
Boxed  for 

R.  P.  M. 

Sliipment. 

00 

30 

1125 

3700 

900 

0 

50 

1300 

5500 

900 

I 

75 

1955 

8200 

720 

2 

150 

3360 

18550 

600 

3 

250 

5250 

31000 

450 

_ 4 

500 

10200 

51000 

360 

The  .starting'  niotor.s  are  mounted  on  the  same  Vjase  as 
the  Synchronous  Victors  in  tlie  case  of  the  larger  sizes,  namely, 
Xos.  2,  3 and  4.  In  Xos.  00,  cj,  and  i,  tiie  starting  motors  are 
mounted  upon  separate  bases,  and  must  be  connected  with  the 
Sx  nchronous  Alotors  bv  belts.  The  vS\nchronoi;s  IMotors  No.s.  00, 
o,  I and  2,  are  self-e.xciting,  while  Nos.  3 and  4 are  provided  with 
separate  e.xciters. 

All  generators  and  motors  of  this  system  are  provided 
with  self-oiling  bearings.  Xos.  2,  3 and  4 have  outboard  bearings 
and  friction  clutches  complete,  with  shifters. 
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Efficiency. 


HE  COMMERCIAL  efficiency  of  a generator  is  the 
quotient  obtained  by  dividing  the  electrical  energy- 
delivered  at  its  terminals  by  the  energy  put  into 
the  machine  ; that  is,  it  is  that  percentage  of  the 
total  energy  supplied  which  becomes  a\-ailable  as 
electrical  energ\-. 

The  commercial  efficiency  of  a motor  is  that  qiiotient 
obtained  by  dividing  the  mechanical  energy  delivered  at  its  shaft 
by  the  electrical  energv  which  it  receives.  It  is  the  percentage  of 
the  total  energy  siipplied  which  becomes  available  as  mechanical 
energ\-. 

The  commercial  efficiencies  of  the  various  machines  of  the 
Two  Wire  Synchronous  type  are  not  less  than  the  following: — 


(Generator. 

Efficicncv. 

Motor. 

Efficiency. 

GO 

88', 

00 

88;.^ 

O 

88^; 

0 

88  f. 

I 

go'r 

I 

90/, 

2 

900 

2 

90  fr 

3 

92', 

3 

92 ‘/r 

4 

92 'r 

4 

92/ 

In  the  preceding  tables,  giving  capacity,  weight,  number 
of  poles,  and  revolutions  per  minute,  it  will  be  noted  that  the 
mechanical  output  of  each  motor  measured  in  horse  power  is 
exacth'  equal  to  the  rated  electrical  output  of  the  generator  of 
corresponding  size  measured  in  kilowatts.  Tliis  allows  for  a 
loss  of  fifteen  per  cent,  in  the  circuit  connecting  the  two 
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machines,  and  for  abont  ten  per  cent,  loss  in  the  motor.  The 

generators  are  properly  rated  with  reference  to  their  mechanical 

and  electrical  factors  of  safety,  while  the  motors  are  somewhat 
nnderrated  as  an  additional  precantion,  to  prevent  the  possibility 
of  their  being  pulled  out  of  step  with  the  generators  by  a 

momentar}'  overload.  Where  the  line  loss  exceeds  fifteen  per 

cent,  the  capacity  of  the  generator  in  kilowatts  is  to  be  taken 

as  the  starting  point  in  calculation,  and  the  mechanical  output 
of  the  motor  will,  of  course,  be  diminished  by  an  amount 

proportional  to  the  excess  of  the  actual  line  loss  above  fifteen 

per  cent.  For  example,  a Xo.  2 motor  used  in  connection 

with  a Xo.  2 generator,  and  a circuit  in  which  the  lo.ss  is 

fifteen  per  cent,  will  deliver  at  its  pulle\’  150  mechanical  horse 

power  ; but  if  the  line  loss  be  increased  to  twenty-five  per  cent, 
the  output  of  the  motor  will  be  decreased  to  about  135  h.  p. 

The  usual  potential  at  the  motor  is  3000-volts,  but 

the  potential  adopted  in  any  given  case  will  depend  primarily 
upon  the  distance  of  transmission.  (Jther  conditions, — as  the 
efficiencv  to  be  (d)tained,  cost  of  copper,  etc., — will  also  affect 

the  determination  of  the  potential,  and  in  no  instance  should 
potentials  unnecessarily  high  be  employed. 

The  potential  at  the  motors  will  be  kept  approximately 
constant,  the  generators  being  provided  with  a composite  wind- 
ing, the  effect  of  which  is  to  increase  the  potential  at  the 

terminals  ot  the  generator  by  an  amount  proportional  to  the 

load  which  it  carries.  This  compensation  is  sufficient  to  offset 
the  drop  or  loss  of  jrotential  in  the  line.  The  following  are  the 

potentials  for  which  standard  motors  are  designed:  — 
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MOTORS. 


No. 

Volts. 

Volts. 

Volts. 

Volts. 

oo 

lOOO 

2000 

3000 

o 

lOOO 

2000 

3000 

I 

ICOO 

2000 

3000 

2 

lOOO 

2000 

3000 

4000 

3 

lOOO 

2000 

3C00 

4000 

_4 

lOOO 

2000 

3000 

4000 

The  potential 

at  generator 

equals  the  potential  at  motor 

increased 

b}-  an 

amount  equal  to 

the 

drop  in  the  circuit  con- 

necting 

the  two 

machines.  This  drop 

may  be  made 

practical!}- 

aiivthino: 

desired. 

but 

must  not  be 

sufficient  to  call 

for  higher 

maximum  potentials 

at  generators 

of 

the  respective 

sizes  than 

those  given  in  the  following  list  : — 


GEXER.\TORS. 


No. 

Ma.\inmni  Potential  at  Terniinal 

00 

3000  volts. 

0 

3000  volts. 

1 

4000  volts. 

2 

50C0  volts. 

3 

50C0  volts. 

4 

50C0  volts. 

In  an\-  cases  where  potentials  in  excess  of  the  above 
are  used  it  will  be  necessary  to  employ  raising  transformers 
between  the  generator  and  the  line  : and,  in  like  manner,  in 
all  cases  where  the  potential  delivered  at  the  motor  end  of  the 
line  exceeds  the  potential  specified  for  the  motor  of  the  size 
used,  as  stated  in  the  above  list,  reducing  transformers  must  be 
interposed. 

(jenerators  used  with  this  s^'stem  are  of  two  classes, 
namely,  the  Direct  Connected  Type  and  the  Belt  Connected 
Type.  In  the  direct  connected  generators  a special  spring 
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coupling  is  provided  whereby  the  shaft  may  be  directly  con- 
nected to  the  shaft  of  the  turbine,  as  shown  in  the  illustration. 
The  use  of  this  coupling  obviates  the  necessity  of  exact 
alignment  of  the  shafts  ; that  is  to  say,  the  centre  lines  of 
the  shafts  need  not  be  exactly  co-incident,  as  would  be  neces- 
sary were  a rigid  coupling  employed. 


■f 


In  the  belt  connected  machines  Nos.  oo,  o and  i,  are 
provided  with  overhung  pulleys,  while  Nos.  2,  3 and  4 have 
extended  bedplates  and  outboard  bearings  with  pulleys. 
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(leneral  Information. 


HP^RE  several  g-enerators  are  employed  separate 
Exciters  ma\’  be  used  for  each,  or  one  Exciter 
of  sufficient  capacity  may  be  used  to  supply 
current  to  the  fields  of  several  generators. 
If  practicable,  the  Exciter  should  not  be 
driven  b)-  the  same  turbine  which  is  used 
to  drive  the  generator,  since,  if  it  be  so 
driven,  a change  of  speed  in  the  turbine  affects  the  potential 
delir-ered  b\-  the  generator,  not  only  because  the  speed  of  the 
generator  is  changed,  but  also  because  its  field  charge  is  altered. 

This  system  is  especialh'  adapted  to  those  cases  in  which 
no  motors  ot  le.ss  than  30  h.  p.  are  called  for,  and  in  which  it  is 
piacticable  to  .start  the  motors  without  load.  There  are  practical 
difficulties  in  the  wav  of  commutating  the  current  from  a eenerator 

« <75  ^ 

ot  this  t>-pe,  and  to  obtain  direct  current  for  the  operation  of  small 
motors,  or  for  other  purposes,  it  is  nece.ssarv  to  employ  a dii'ect 
current  generator  dri\-en  b\-  a sychronons  motor. 

The  machines  may  be  safeh’  insulated  for  comparativeh' 
high  potentials,  and  therefore  the  system  is  applicable  to  trans- 
mission over  very  considerable  distances  without  the  irse  of  raising 
or  reducing  transformers.  It  is  a Two  Wire  svstem,  and  the  line 
construction  is,  consequently,  without  complication.  The  nnmber 
ot  alternations  used  is  sufficiently  high  to  keep  the  cost  of  raising 
and  reducing  transformers  low,  in  those  cases  in  which  the\-  are 
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employed,  and  it  also  renders  practicable  the  nse  of  the  same 
generators  for  stipplying  incandescent  lamps,  arc  lamps  and  motors. 

Where  it  is  desirable  to  do  general  lighting  in  connection 
with  power  work  it  is  advisable  to  erect  a snbstation,  conveniently 
located  with  reference  to  the  market  for  power,  and  to  locate  therein 
stepdown  converters  to  rednce  the  potential  to  i,ooo  or  2,000-volts 
for  local  distribntion.  Standard  transformers  may  then  be  connected 
to  the  circuits,  and  nsed  to  supply  incandescent  lamps  in  the 
ordinary  manner.  The  circints  nsed  to  snpply  incandescent  lamps 
may  also  snpply  current  to  the  arc  lamps,  the  latter  being  con- 
nected in  groups  of  two  or  three  lamps,  through  which  the  current 
passes  in  series. 

In  Diagram  4,  on  the  opposite  page,  the  application  of 
the  system  to  both  lighting  and  power  pnrpo.ses  is  illustrated.  At 
the  generating  station  three  generators,  (1,  ( k,  G",  of  ecjual  capacity, 
are  installed.  By  means  of  the  switchboard,  S,  any  of  these 
generators  may  be  electrically  connected  with  anv  one  of  the  lines, 
D,  L',  L",  which  connect  the  generating  station  with  the  switch- 
board, S'.  This  switchboard  may  be  located  at  any  point  convenient 
with  reference  to  the  motors,  W,  IM',  and  the  lamps,  e,  e',  e",  etc., 
which  are  supplied  from  the  secondary  circuits  of  the  converters, 
C,  C',  C",  C'",  and  it  provides  means  for  readily  connecting  motors 
or  lamps  to  any  one  of  the  circuits,  L,  D',  L". 

The  switchboards,  S,  S',  it  will  be  noted  from  the  above, 
effect  perfect  interchangeability  of  generators,  transmission  circuits 
and  loads,  consisting  either  of  motors  or  lamps.  Any  one  of  the 
generators  may  be  used  to  supply  lights,  or  to  snpply  either  of 
the  motors.  If  one  or  both  of  the  motors  are  shut  down  before 
lamps  exceeding  the  capacity  of  one  generator  are  needed,  the 


54 


> 


aggregate  capacity  of  the  motors  and  lights  installed  may  safely 
exceed  the  aggregate  capacity  of  the  generating  station,  and  some 
of  the  generators  mav,  during  the  night,  be  used  to  supply  light. 

Where  the  distance  of  transmission  is  snch  as  to  make 
investment  in  copper  excessively  heavy  at  any  potential  which 
may  be  safely  used  at  the  machines,  raising  and  reducing  trans- 
formers must,  of  course,  he  employed.  They  are  to  l)e  connected 
between  the  respective  switchboards  and  the  transmission  circuit. 
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HE  efficiency  of  a 50  kilowatt  generator  of  the 
two-wire  s^nichronons  t}'pe  and  of  a 50  h.  p.  motor 
of  the  same  type  is  sliown  graphicalh’  in  the 
curves  below,  which  represent  results  obtained  by 
actual  test.  The  cnr\-e  marked  B shows  the  ratio 
of  mechanical  horse  power  at  the  pnlle}-  of  the 
motor  to  the  mechanical  horse  power  at  the  pnlley  of  the  gen- 
erator for  various  loads.  The  curve  marked  A shows  the  relation 


of  the  electrical  energy-  at  terminals  ot  the  generator  to  the 
mechanical  energy'  at  its  pulley,  and  also  the  ratio  of  the 
mechanical  energy  at  the  pulley  of  the  motor  to  the  electrical 
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energy  deli\'ered  to  its  terminals.  The  abscissie  represent  the  load 
in  percentages  of  the  fall  rated  capacity  of  the  motor ; the 
ordinates  represent  the  corresponding  efficiencies.  In  the  tests 
from  which  these  res;dts  were  obtained  the  machines  were  con- 
nected by  short  and  hea\’y  wires,  so  that  there  was  practically 
no  line  loss. 

It  will  be  noted  that  the  efficiency  of  each  machine  is 
above  91  per  cent,  at  fnll  load,  Sgyi  per  cent,  at  three-qnarter 
load,  86  per  cent,  at  half  load,  and  77  per  cent,  at  one-qiiarter 
load.  In  machines  of  larger  size  even  these  very  excellent  results 
are  improved  npon  to  the  extent  of  from  one  to  three  per  cent. 
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The  Tesla  Polyphase  System  lends  itself  to 
every  purpose  for  which  electrical  power  is  used. 

It  may  fairly  be  called  a universal  system, 

It  is  equally  adapted  to  supply  light  or  power, 
It  will  supply  arc  lights  and  incandescent  lamps, 
It  furnishes  power  through  motors  of  the  rotary 
field  typej  or  of  the  polyphase  synchronous  type. 

By  means  of  commutating  deviceSj  direct  or 
continuous  current  is  readily  obtained  for  the  opera- 
tion of  street  railway  systemsj  for  electrolytic  workj 
and  for  all  other  purposes  requiring  this  kind  of 
current. 

By  it  we  may  use  alternating  current  for  trans- 
mission; ana  may  readily  obtain  either  alternating  or 
direct  current  at  practically  any  potential  adapted  to 
any  purposes  to  which  electricity  is  applicable, 
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Diagram  5 illustrates  the  Tesla  Polyphase  or  [Multiphase 
System  of  trausmissiou,  where  but  oue  generator  and  oue  motor 
are  employed,  and  are  electrically  connected  by  a three-wire  circuit 
of  moderate  length.  The  pulley,  P,  receives  power  from  the  prime 
mover,  — ordinarily  a turbine, — and  is  belted  to  the  generator,  G. 
The  switch,  S,  connects  the  generator  and  the  line,  L,  and  the 
switch.  S',  is  used  to  connect  the  motor,  IM,  with  the  line.  The 
motor,  by  means  of  a belt,  supplies  power  to  the  pnlle}-,  P',  which 
is  connected  with  the  machinery  to  be  operated. 

In  Diagram  6 we  have  the  .same  system,  but  the  distance 
is  assnmed  to  be  greater,  and  raising  and  reducing  transformers 
are  employed.  These  are  shown  respectively  at  RT  and  LT.  The 
generator  is  shown  at  G,  and  the  switch,  S,  is  used  to  connect 
the  generator  to  the  primary  circnits  of  the  raising  transformers. 
The  switch.  S',  located  near  the  motor,  IM,  is  used  to  connect  the 
latter  with  the  secondar\-  circnits  of  the  rediicing  transformers. 
The  motor  supplies  power  to  the  line  shaft,  W,  through  a belt. 

In  each  of  these  diagrams  a three-wire  transmission 
circuit  is  shown.  It  is  alwaws  possible  to  use  three  wires  for  the 
transmission  circuit  wdien  step-up  and  step-down  transformers  are 
provided,  but  with  some  t^'pes  of  multiphase  generators  and  motors 
the  connections  from  the  transformers  to  the  respective  machines 
must  be  made  bv  four  wares.  Generally  speaking,  the  four-wire 
arrangement  is  preferable  for  the  transmission  circuit  also,  as,  with 
a given  limiting  potential,  this  plan  recpiires  less  weight  of  copper 
than  the  three-wire  arrangement. 

The  nnivensal  application  of  the  svstein  is  illustrated  in 
diagram  7,  on  page  63.  The  generators,  A and  B,  are  located 
at  the  generating  station,  and  are  driven  by  turbines.  Each 
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generator  delivers  two  distinct  alternating  cnrrents  to  raising  trans- 
formers, RT,  RT',  RT",  RT'",  throngli  the  switchboard,  D.  The 
current,  as  generated,  is  of  low  potential,  and  may  l)e  handled 
with  entire  safety,  bnt  the  raising  transformers  deliver  their  cnrrents 
to  the  transmission  circnits,  L,  L',  L",  L'",  at  a very  high  potential, 
e.  g.,  10,000  volts.  At  a point  conveniently  located  with  reference 
to  the  district  where  lights  and  motors  are  to  be  supplied  a snbstation 
is  erected.  The  transmission  circnits  enter  the  station  and  deliver 
their  cnrrents  to  the  step-down  or  reducing  transformers,  LT,  RT', 
RT",  RT"',  which,  in  tnrn,  deliver  cnrrents  at  moderate  potentials 
snitable  for  local  distribntion.  The  switchboard,  F,  affords  means 
wdiereby  the  circnits  coming  from  the  varions  groups  of  lowering 
transformers  may  be  readily  transferred  and  interchanged,  so  that  any 
of  the  transmission  circuits  may  be  nsed  to  snpply  any  of  the  local 
distribnting  circnits,  as  may  be  advantageous  or  convenient.  In 
the  diagram,  beginning  at  the  left  of  the  switchboard,  the  first 
fonr-wire  circnit  is  nsed  to  snpplv  alternating  current  to  the  motor- 
generator  or  rotary  transformer,  INKl,  which  in  tnrn  delivers  direct 
cnrrent  at  500  volts  to  a trolley  line,  from  which  the  street  car, 
K,  is  supplied.  The  second  circnit  supplies  the  motors,  1\R  IM', 
M",  i\l'",  — of  the  two-phase  synchronous  type,  or  of  the  rotary 
field  tvpe, — which  are  adapted  to  general  power  purposes  in 
mills,  factories,  etc.  The  next  fonr-wire  circnit  is  divided  into 
two  two-wire  circnits,  and  is  nsed  to  snpply  incandescent  lamps 
through  the  transformers,  b,  b',  b".  The  next  circnit  supplies 
alternating  cnrrent  to  the  motor-generator,  i\I(l",  which  delivers 
direct  cnrrent  for  arc  lighting  purposes.  The  last  circnit  shown 
snpplies  the  motor-generator,  IMCR,  which  in  tnrn  delivers  direct 
cnrrent  at  low  potential  for  electrolytic  purposes,  as  indicated  in 
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the  vats,  \’,  V",  If  the  frequency  employed  be  sufficiently 

high  (say  50  ])eriods  per  second,  or  6000  alternations  per  niinnte), 
constant  potential  alternating  current  arc  lamps  may  be  supplied 
from  the  secondary  circuits  of  transformers. 

There  are  .several  t>pes  of  two-phase  alternating  current 
generators,  among  which  two  are  especially  prominent.  Machines 
of  the  first  type  are  really  double  machines,  having  two  fields  and 
two  armatures,  — the  latter  mounted  on  the  .same  shaft.  Each 
armature  delivers  alternating  current  to  a two-wire  circuit,  and 
these  circuits  taken  together  constitute  the  four-wire  circuit  of  the 
ofenerator,  or  thev  mav  be  so  connected  as  to  constitute  a three- 
wire  circuit. 

Machines  of  the  second  type  have  single  armatures  with 
two  windings,  or  with  a single  winding  so  connected  to  the  ring 
collectors  as  to  deliver  two  currents  differing  in  their  time  relation 
or  phase.  Onr  machines  of  this  type  are  very  similar  in  appear- 
ance to  the  direct  connected  generators  illustrated  on  pages  27  and 
29.  In  place  of  the  commutators  ring  collectors  are  used,  but  in 
other  respects  the  construction  is  not  materially  modified. 

The  photograph  upon  the  opposite  page  illustrates  a 1000 
H.  P.  (Generator  of  the  first-mentioned  cla.ss.  It  is  practically  a 
double  machine,  consisting  of  two  fields  mounted  upon  the  .same 
bedplate,  and  two  armatures  carried  upon  the  same  shaft.  As  in 
the  two-wire  svnchronons  svstem  the  fields  are  circular  castings, 
having  inwardlv  projecting  poles  of  laminated  steel,  while  the 
armatures  have  T-shaj^ed  teeth  of  similar  material,  beneath  which 
the  coils  are  wedged.  A belt-driven  generator  of  this  type  weighs 
about  75  tons. 
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The  Rotary  Transformer. 


The  photograph  upon  the  opposite  page  shows  a Rotary 
Transformer  designed  to  deliver  direct  current  at  a potential  of  50 
volts.  INIachines  of  this  t\’pe  are  used  for  transforming  alternating 
current  into  direct  current  at  various  potentials  suitable  for  the 
service  for  which  they  are  eniplo}'ed.  The  particular  machine 
illustrated  is  to  be  used  for  electrolytic  purposes  demanding  a large 
cinantit\'  of  current  at  low  potential,  and  it  will  be  noted  that 
the  brush  capacity  provided  at  the  commutator  end  is  ample. 

The  rotarv  transformer  is,  in  a general  way,  constructed 
on  lines  similar  to  those  adopted  for  onr  multipolar  direct  current 
generators  ; the  fields  have  laminated  poles  of  the  best  steel,  while 
the  armature  conductors  pass  through  tubes  of  insulating  material 
placed  in  slots  about  the  periphery  of  the  core.  The  entire  frame- 
work of  the  machine  conipri.ses  but  two  large  castings,  — one 
constituting  the  lower  half  of  the  field  and  the  bearings  for  the 
armature,  while  the  other  constitutes  the  upper  half  of  the  field. 
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Tesla  Polyphase  Motor,  5 II.  P. 

Rotatixc'x  Kikli)  Type. 

The  photograph  below  illustrate.s  a 5 Ii.  p.  Te.sla  Motor, 
of  the  rotary  field  type,  complete,  while  that  upon  the  opposite 
page  shows  the  .same  motor  dismantled.  It  will  be  noted 
that  the  construction  is  such  as  to  entirely  conceal  and  protect 
against  mechanical  injury  the  coils  of  both  field  and  armature. 
Neither  commutator  nor  collector  is  used.  In  the  Tesla  motors 


of  the  two-phase  t\pe  the  winding  of  the  field  is  made  up  ot 
two  distinct  electrical  circuits.  The  currents  traversing  these  cir- 
cuits differ  in  their  ])hase ; that  is  to  say,  the  maximnm  strength 
of  one  cniTent  occurs  at  the  time  when  the  other  current  is  a 
minimum,  the  result  being  rotation  of  the  magnetism  of  the 
field.  The  armature  is  short  circuited,  and  the  currents  traversing 
it  are  simply  the  low  potential  currents  induced  by  the  field. 
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The  insulation  of  the  armature  is  not  at  any  point  subjected  to 
a potential  exceeding  a very  few  volts,  and  it  is,  therefore, 
practically  impossible  to  burn  out  this  armature,  while  the  machine 
may  be  safely  operated  in  places  so  exposed  to  moisture  as  to 
make  the  use  of  direct  current  machinerv  impracticable.  The 
construction  of  the  field  admits  of  \'ein'  high  insulation,  and 
circuits  carrying  comparativeh’  high  potentials  may  be  connected 
to  it  without  the  interposition  of  step-down  transformers. 
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The  starting  motors  used  in  connection  with  onr  two- 
wire  synchronous  system  are  of  this  general  type,  the  necessar\- 
difference  of  phase  being  obtained  by  special  methods  of  winding 
the  field  circuits. 
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Tesla  Polyphase  Motor,  500  H.  P. 

Rotating  Field  Type. 

We  illustrate  upon  the  opposite  page  a 500  H.  P.  Motor 
of  the  Rotating  Field  Type,  dismantled.  In  this  machine  the 
currents  are  conveyed  to  the  rotating  element  or  armature 
through  the  four-ring  collector,  while  the  coils  of  the  stationary 
element  or  field  are  short  circuited.  The  photograph  was  taken 
before  the  field  and  armature  were  wound.  The  slots  about  the 
outer  periphery  of  the  armature  and  the  inner  periphery  of  the 
field,  ready  for  the  reception  of  the  conductors,  are  plainly  shown. 

The  field  consists  of  a ring  of  laminated  steel  set  into 
a cast  iron  frame,  and  when  in  operation  only  the  steel  ring  is 
magnetised. 

The  disc  resembling  a narrow  commutator,  and  lying 
near  the  armature  core,  is  used  in  making  the  necessary  con- 
nections of  the  armature  conductors. 

Machines  of  this  type  start  with  strong  torcpie,  and 
regfulate  well  for  changes  of  load. 

o o 
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\\"e  illustrate  on  the  opposite  page  our  6o  H.  P.  Two- 
Phase  INIotor  of  the  Synchronous  Type.  The  field  of  this  machine 
also  is  of  the  inwardly  projecting  radial  pole  type,  while  the 

armature  is  of  the  slotted  t>’pe,  requiring,  no  band  wires.  The 
four-ring  collectors  are  shown  at  one  end  of  the  shaft,  and  at 
the  other  end  the  small  commutator  used  to  rectify  the  current 
which  excites  the  field  when  the  motor  is  operating  in  syn- 
chronism with  the  generator  will  be  noted.  The  machine  is 

provided  with  sliding  base  and  tension  screws  for  adjusting  the 
tension  of  the  belt.  It  is  fitted  with  our  improved  self-oiling 
bearings. 

It  should  be  carefnlh'  noted  that  the  great  advantages 
resulting  from  operating  generators  and  motors  in  synchronism 
with  each  other  are  not  restricted  to  the  machines  of  the  two- 
wire  synchronous  system.  In  the  two-wire  synchronous  system 
all  motors  must  be  operated  s\nchrononslv.  In  the  Tesla 
polyphase  s}'steni,  while  two  types  of  motors  are  available,  the 
advantages  of  absolute  speed  regulation  make  it  advisable  to 

employ  motors  of  the  synchronous  type  for  mam-  kinds  of  work. 
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Tesla  Polyphase  Motor, 

Synchronous  Type. 

The  diagram  upon  the  opposite  page  illustrates  the 
application  of  the  Tesla  polyphase  system  in  a mining  country. 
The  generator,  (1,  delivers  its  currents  to  the  step-np  or  raising 
transformers,  RT,  through  the  switch,  S.  At  the  distant  end  of 
the  line  where  the  power  is  to  be  utilized  the  step-down  or 
reducing  transformers,  LT,  are  located,  and  from  their  secondary 
circuits  the  various  lamps  and  motors  are  supplied.  Incandescent 
lamps,  1,  are  connected  to  the  secondarv  circuits  of  the  transformer, 
T,  it  being  assumed  that  in  this  instance  the  potential  delivered 
by  the  step-down  transformers  is  too  high  for  incandescent  lamps. 
The  switch.  S',  is  used  to  connect  the  motor-generator  or  rotary 
transformer,  IMG,  and  the  local  distributing  circuits.  This  machine, 
receiving  alternating  current,  delivers  from  its  commutator  direct 
current  suitable  for  the  operation  of  tramways,  for  electrolytic 
purposes,  etc.  The  switch,  S",  connects  to  the  distributing  circuits 
the  motor,  IM,  driving  the  line  shaft,  W.  A third  switch  is  used 
in  connection  with  the  air  compressor,  C,  which  is  driven  by  a 
motor  mounted  upon  the  same  bedplate.  The  motor  is  of  special 
construction  adapted  to  use  in  connection  with  the  compressor. 
As  shown  in  the  diagram  it  is  of  the  nuiltiphase  type,  but  direct 
current  motors  are  sometimes  employed.  The  drills,  shown  at  D, 
D',  are  standard  pneumatic  drills. 

As  is  well  known  the  limitations  of  pneumatic  drilling 
lie  in  the  fact  that  the  cooling  of  the  air  in  compressor  and  pipes 
involves  a loss  of  energy,  which,  when  the  distance  betw’een 
compressor  and  drills  is  excessive,  implies  low  efficiencv.  Where 
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it  is  practicable  to  locate  the  compressor  within  a moderate  distance 
of  the  drills  a high  efficiency  is  secured.  It  will  be  noted  that  in 
the  arrangement  shown  in  the  diagram  the  compres.sor,  C,  may  be 
moved  without  changing  the  location  of  the  source  of  power,  it 
being  only  necessary  to  extend  the  electrical  circnit. 

This  system,  while  it  calls  npon  mining  operators  to 
throw  away  neither  experience  nor  investment  in  pnenmatic 
machinery,  will,  in  man\-  cases,  enable  them  to  materially  increase 
the  efficienc\'  of  their  pnenmatic  apparatus  ; at  the  same  time  the 
introduction  of  the  electrical  apparatus  provides  for  other  work 
neces.sary  in  mining  operations  — hanling,  pumping,  etc. — by  a 
system  at  once  flexible  and  efficient. 
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The  accompanying  photograph  illustrates  onr  method  of 
monnting  the  motor  npon  a standard  compre.s.sor  originally  intended 
to  be  operated  b}'  steam.  The  steam  cylinder  is  removed,  and  the 
fly  wheel  ordinarily  employed  is  replaced  by  large  gear  wheels. 
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In  this  connection  we  also  illnstrate  a tvpe  of  motor 
especially  adapted  to  mining  operations.  This  is  onr  Ironclad 
INIotor,  in  whicli,  as  will  be  noted  npon  inspection  of  the  photo- 
graph, the  armature,  comimitator,  brushes,  and  field  coils  are 
thoroi;ghly  protected  against  dust  and  moisture. 


t • » 
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Advantages  of  Synchronous  Operation. 


H K X a motor  is  operated  synchronously  its 
speed  depends  solely  upon  that  of  the  generator. 
No  variation  in  the  speed  of  one  can  take  place 
withont  a corresponding  change  in  the  .speed 
of  the  other,  and  any  increase  of  load  upon 
the  motor  can,  so  long  as  tlie  motor  remains 
synclu'onised  or  in  step  with  the  generator, 
reduce  its  speed  only  1)\'  reducing  that  of  the  generator.  When 
motors  are  operated  in  this  wa)',  tlierefore,  the  only  element  that 
recpdres  attention  in  the  matter  of  speed  is  the  prime  mover.  The 
electrical  aj)})aratns  is  perfect  as  regards  speed  regulation,  the  speed 
ot  the  motor  being  as  alxsolnteh'  dependent  on  the  sj)eed  of  the 
generator  as  if  their  respective  armatures  \vere  rigidly  coupled  to 
the  same  shaft. 

In  an  electrical  system  transferring  the  energy  of  falling 
water  to  mechanical  energy  availaljle  at  the  shaft  of  a motor  there 
are  three  links  in  the  chain  of  transfer  in  which  variation  in  speed 
ma\-  appear  : first,  between  tlie  water  and  the  turbine  shaft  ; 
second,  between  the  turbine  shaft  and  the  generator  ; and,  third 
between  the  generator  and  the  motor.  Excessive  variation  in  the 
first  must  be  guarded  against  by  proper  construction  of  the 
hydraulic  apparatus,  and  by  the  use  of  effective  governors.  Where 
the  turbine  shaft  is  connected  with  the  generator  by.  a belt,  varia- 
tion or  stretching  of  the  second  link  can  result  only  from  slipping 
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of  the  belt,  and  this  can  be  practically  eliminated  without  difficnlty. 
Where  direct  connection  of  turbine  and  generator  by  means  of  a 
clutch  is  adopted,  there  can,  of  course,  be  no  difference  in  speed. 
Unless  the  synchronons  method  of  operation  is  employed  there  is 
necessarily  more  or  less  stretching  of  the  third  link  ; that  is  to 
say,  the  speed  of  the  motor  is  not  exactly  equal  to  that  of  the 
generator,  and  the  difference  in  speed  will  increase  or  decrease  by 
a greater  or  less  amount  as  the  load  upon  the  motor  is  varied.  In 
onr  two-wire  synchronous  alternating  current  system,  and  in  our 
niultipha.se  system  where  motors  of  the  synchronous  type  are 
employed,  this  link  of  the  chain  is  ab.sulutely  inflexible. 

In  the  two-wire  synchronous  system,  as  has  been  stated, 
motors  are  necessarily  operated  in  s>  nchronisni  with  the  generators. 
In  the  Tesla  poh'phase  system  s^mchronous  operation  is  preferable 
wherever  the  nature  of  the  service  will  ])ermit.  For  the  ordinary 
work  of  mills  and  factories,  and  for  all  purposes  where  constant 
speed  is  desirable,  while  it  is  not  impracticable  to  bring  the  motors 
up  to  speed  without  load,  motors  of  this  type  .should  be  msed. 
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Auxiliary  Apparatus  and  Switchboard 

Instruments. 


T H Pv  foregoing  pages  we  have  illustrated  and 
described  a number  of  generators  and  motors  belong- 
ing to  onr  several  .systems  of  power  transmi.ssion, 
but  for  the  complete  ecpiipment  of  an  installation 
much  important  apparatus  is  recptired  in  addition 
to  the  generators  and  motors.  Unless  switches, 
indicating  and  measuring  instruments,  regulating  apparatits  and 
.safety  devices  are  properly  designed  and  well  constructed,  excellence 
of  genei'ators  and  motors  will  not  secure  successful  operation.  A 
defective  switch  may  render  the  largest  generator  inoperative,  and 

a defect  in  a measuring  instrument 
may  result  in  serious  damage  to 
an  entire  installation.  It  is,  there- 
fore, of  the  utmost  importance  that 
the  auxiliary  apparatus  belonging 
to  a s^’stenl  be  worked  out  and 
constructed  with  the  greatest  care. 

To  illustrate  all  of  the  de- 
vices which  we  employ  in  connec- 
tion with  onr  systems  of  power 
transmission  wmdd  require  more 
space  than  can  be  allotted  in  this 
publication,  and  we  therefore  select 
only  a few  of  the  more  important. 
These,  and  others  not  here  referred  to,  are  fully  described  in 
special  circulars,  which  we  will  furnish  upon  application. 
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The  plioto^niph  on  pa^e 
8o  shows  a switcli  extensively 
used  in  connection  with  alter- 
nating current  machinery.  It 
is  called  the  I)\  nanio  Chaimino- 

- O O 

vSwitch,  and  is  generally  used 
to  effect  a tpiick  transfer  of  a 
cii'cnit  from  one  generator  to 
another. 


A switch  constructed  for 
similar  purposes,  but  .so  arranged 
as  to  bring  all  connections,  and, 
indeed,  every  part  that  is  charged 
with  current,  behind  the  switchboard,  is  shown  in  the  two  photo- 
graphs on  this  page.  The  first  is  a trout  view,  showing  the  switch 
handle  projecting  to  the  front  of 
the  board  ; the  second  is  a back 
view,  showing  the  jaws  of  the 
switch,  and  the  terminals  to  which 
the  respective  circuits  are  connected. 

\\  here  this  type  of  switch  is  em- 
ployed it  is  impossible  for  the 
attendant  standing  in  front  of  the 
board  to  touch  any  part  of  the 
circuits.  The  construction  of  these 
switches  is  such  as  to  gi\e  them 
great  strength.  The)'  are  mounted 
upon  marble  bases. 
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The  accompanying  photographs 
illustrate  respectively  one  of  onrlai'ge 
I)onble-Ja\v  Switches,  and  a Triple 
Jaw  Switch.  The  former  is  nsed 
in  connection  with  two-wire  circuits 
carrying  heavy  currents  at  moderate 
potentials. 


The  latter  is  adapted  to  three- 
wire  circuits,  and  is  generally 
employed  for  connecting  direct 
current  generators  of  the  com- 
pound field  type  in  mnltiple  arc. 
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A special  safety  device,  tlie  practical  value  of  which  has 
been  demonstrated  inanv  times  in  widely  extended  ser\ice,  is  the 
Antoniatic  Circuit  Breaker,  which  is  shown  open  and  closed.  It 
consists  of  an  electro-magnet  in  series  with  a double  break  switch. 
So  long  as  the  current  passing  through  the  coil  of  the  electro- 
magnet is  not  in  excess  of  that  which  the  circuit  is  intended  to 
carry  the  circuit  breaker  remains  closed.  If,  however,  for  any 
reason,  the  current  exceeds  a certain  predetermined  limit,  the  electro- 
magnet releases  a trigger  or  latch,  and  the  switch  is  opened  bv  a 
powerful  spring.  The  circuit  is  not  entirely  broken  at  the  moment 
when  the  contact  terminals  attached  to  the  lever  arm  leave  the 
jaws  oi  the  switch,  two  carbon  pencils  carried  by  the  lever  arm 
still  making  contact  with  carbon  plates  connected  to  the  jaws  of 
the  switch.  The  final  break  occurs  between  the  carbon  pencils 
and  plates,  and  the  metal  jaws  of  the  switch  are  thus  protected. 

Adjustment  for  different  currents  is  secured  bv  changing 
the  weight  attached  to  the  armature  of  the  electro-magnet. 
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\\"e  illustrate  herewith  our  (Irouud  Detector,  which  is 
adapted  to  all  alteruatiug  current  systeius.  It  is  a couveuieut 
instrument  for  testing  the  insulation  of  circuits,  and  will  instantly 
indicate  a ground.  It  provides  a practical  and  ready  method  of 
applying  a test  to  a circuit  while  in  operation  without  the  neces- 
sity of  interrupting  the  .service.  The  materials  employed  in  the 
construction  of  this  instrument  are  iron,  brass,  hard  rubber,  mica 
and  glass. 
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We  manufacture  a full  line  of  rheostats  for  use  iu 
couuectioii  with  our  various  Hues  of  generators  and  motors. 


One  ot  our  Cleiierator  Field  Rheostats  is  illustrated  iu  the 
accouipau\iug  photograph.  Xoucomhustible  material  is  eiuploved 
throughout.  Workmanship  and  finish  are  of  the  highest  class. 
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We  manufacture,  iu  addition  to  tlie  crdiuarv  t\'pes  ot 
rheostats,  a special  form,  whicli,  for  ctrta.’u  kinds  of  work, 
possesses  marked  adv^’.ntao^es.  This  is  a combination  rheostat 

and  controller  with  reversing  switch. 

The  accompanying  illustration  is  from  a photograph  of 
one  of  these  controllers  intended  for  use  with  a single  motor, 
while  the  photograph  upon  the  opposite  page  shows  a com- 

bination controller  to  be  used  with  three  motors,  and  so 
designed  as  to  enable  the  attendant  to  conveniently  regulate 

each  of  the  motors  independently  of  the  others. 

Xoncombnstible  material  is  employed  throughout,  and 
the  construction  is  such  as  to  insure  great  strength  and  reliability. 
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Tlie  brushes  mounted  upon  the  lever  arm  make  good  contact 
with  the  terminals  of  the  rheostat.  These  terminals  are  built 

up  like  the  commutator  of  a direct  current  machine,  and  are 
held  firmly  in  place  by  a strong  iron  frame.  When  the  tips 

become  worn  they  can  be  readily  replaced. 

This  form  of  construction  is  particularly  convenient, 
as  it  is  readily  adapted  to  the  combination  of  any  number 
of  controllers  not  exceeding  four  in  a single  frame.  Where 
it  is  important  that  the  controllers  occupy  as  little  space  as 

possible  this  feati;re  is  especially  valuable.  The  type  was 
originally  designed  for  the  control  of  motors  operating  cranes, 
but  is  applicable  to  many  other  kinds  of  work. 
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The  Compensator. 


K ILLUvSTRATE  herewith  our  Compensator, 
an  instrnment  which  is  very  extensively  used  in 
connection  with  onr  alternating^  current  s)’steni 
for  incandescent  lighting-.  It  consists  of  a 
small  transformer  mounted  npon  a marble 
base,  and  pro\-ided  with  a set  of  primary 
terminals  and  a set  of  secondarv  terminals  bv 
means  ot  which  the  acti\-e  lengtli  of  either  coil  may  be  readily 
\-aried.  In  n.se  these  instruments  are  placed  npon  tlie  switchboard 
in  tlm  generating  station,  and  are  connected  to  the  various  supply 

circuits  in  snch  a wav  that  current 
llowing  in  each  of  these  circuits 
traverses  the  primary  coil  of  a com- 
pensator. The  secondary  coil  of 
each  is  connected  to  a volt  meter, 
and  when  the  instrnment  is  pro- 
perly adjusted  tlie  current  flowing 
through  this  primary  coil  produces 
a difference  of  potential  at  its  .sec- 
ondary terminals  which  causes  a 
drop  in  the  potential  registered  by 
the  volt  meter  corresponding  ac- 
curately with  the  drop  in  the  supply  circuit  dne  to  the  resistance 
of  the  condnctors.  The  result  is  that  the  volt  meter  at  the 
station  indicates  a potential  corresponding,  not  with  the  initial 
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potential  delivered  bv  the  generator  in  the  station,  bnt  with 
the  potential  at  the  end  of  the  snpply  circnit  where  the  lamps  are 
located.  The  fnnction  of  the  compensator  is,  therefore,  preciselv 
that  of  the  ])ressnre  wire  sometimes  employed  in  direct  cnrrent 
installations.  Wdien  properly  set  it  enables  the  station  attendant 
to  accurately  regnlate  the  pressure  at  the  end  of  a circnit  which 
may  be  many  miles  in  length,  and  to  do  this  it  is  only  neces.sary 
that  he  adjust  the  regnlating  instrnments  in  snch  a way  as  to 
hold  the  volt  meter  index  steadv.  If  each  siipplv  circnit  receives 
cnrrent  from  an  independent  generator, — that  is,  a generator  which  is 
not  called  npon  to  furnish  cnrrent  to  other  snpplv  circuits,  — the 
necessarv  adjustment  of  pressure  is  obtained  bv  regnlating  the  held 
charge  of  the  generator  bv  means  of  the  rheostat  provided  for  that 
purpose.  If,  however,  several  snpply  circuits  are  receiving  ciirrent 

from  the  .same  generator  it 
becomes  necessary  to  proxdde 
means  for  adjusting  the  pre.s- 
snre  of  each  without  disturb- 
ing the  others.  To  do  this 
we  emplov  the  Stillwell  Regu- 
lator, which  is  shown  in  the 
accompanying  illustration.  It 
consists  of  a transformer  hav- 
ing a secondary  coil  adjustable 
in  length.  Connections  are 
brought  ont  from  different 
points  on  the  secondary  coil 
to  a mnltipoint  switch  by 
means  of  which  the  secondarv 
coil,  or  any  portion  of  it,  may 
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at  will  be  thrown  in  series  with  the  supply  circuit.  When  this 
is  done  the  electromotive  force  dne  to  the  whole  or  a part  of  the 
secoTidary  coil  of  the  reg-nlator  is  added  to  the  initial  potential  of 
the  circuit.  The  potential  of  the  supply  circuit  ma\’,  therefore,  be 
accurately  adjusted  independent  of  whatever  may  l)e  the  potential 
at  the  terminals  of  the  prenerator. 

This  reg'iilator  is  e.xtensivelv  used  in  connection  with  our 
central  station  practice,  and  its  importance  in  the  field  of  power 
transmi.ssion  is  obvious.  In  an  installation  emplo\ing  turbines  to 
drive  generators,  and  transmitting  power  over  great  distances  with 
considerable  percentages  of  lo.ss  in  the  transmi.ssion  circuits,  it  is 
e.xtreniely  desirable  where  this  ])ower  is  used  for  general  purposes, 
— as  illustrated  on  i)age  63,  — to  erect  a substation  in  wliich  are 
located  transformers  for  reducing  potential,  and  switching  devices 
for  the  manipulation  of  the  local  circuits.  The  difficulty  in 
obtaining  close  regulation  of  the  speed  of  turbines,  and  the 
variation  in  pressure  caused  by  tlie  loss  of  potential  in  the  long 
distance  circuits,  make  the  n.se  of  some  such  special  regulating 
apparatus  at  the  substation  almost  imperative. 

We  provide  the  regulators  with  reversing  switches,  the 
effect  of  which  is  to  double  the  range  of  regulation  obtained  from 
a given  transfonier  by  enabling  the  attendant  to  reduce  the  poten- 
tial in  the  supply  circuit  as  occasion  may  require  by  an  amount 
equal  to  that  which  the  regulator  is  capable  of  adding. 
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Overhead  Lines. 


OR  cros.s-countiy  circuits  outside  town  and  city  limits 
we  prefer  to  use  bare  copper  conductors,  e\'eu  when 
very  high  potentials  are  employed.  It  is  unneces- 
sary to  use  iiLsirlated  wire,  for  the  insulation  of  any 
ordinary  line  wire  will,  after  exposure  to  the  weather 
||t  for  a time,  become  ineffectual  in  affording  protection 

against  danger  resulting  from  accidental  contact 
with  the  circuit.  It  is  obyionsly  adyisable,  therefore,  to  ayoid  the 
expen.se  of  using  insulated  wires,  and  to  secure  .safety  by  adopting 
eyery  precaution  in  the  mechanical  construction  of  the  line.  The 
conductors  .should  be  strung  upon  approyed  insulators  of  ample 
dimensions  and  substantial  design.  Poles  should  be  of  good  size, 
and  should  be  firmly  .set  in  the  ground.  Where  the  weight  of 
conductors  at  a corner,  or  bend  in  the  line,  tends  to  bring  a 

lateral  strain  upon  the  poles,  they  shoidd  be  supported  and  secured 
by  braces  or  guy  wires.  Cross  arms  of  sufficient  strength  to 

support  many  times  the  weight  they  are  expected  to  carr\-  should 
be  used,  and  should  be  \-er\'  secnreh-  fastened  to  the  poles.  The 
length  of  a span, — that  is,  the  distance  between  the  snccessiye 
poles,  — should  neyer  be  sufficient  to  inyolye  danger  that  the  wire 
may  break  of  its  own  weight,  and  in  calculating  strains  upon 
conductors  it  is  wise  to  allow  yery  liberal  factors  of  .safety.  Where 

a line  passes  oyer  a highway,  or  enters  the  limits  of  a town  or 

city,  e\-ery  precaution  against  po.ssible  danger  b)'  falling  wires  must 
be  obseryed.  If  the  construction  is  still  oyerhead  guard  wires 
should  be  proyided. 
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The  highest  practicable  insulation  of  an  overhead  circuit  is 
obtained  bv  the  use  of  fluid  or. oil  insulators,  which  are  so  designed 
that  any  current  leaking  from  the  conductor  to  the  earth  or  to 

the  other  terminal  of  the  circuit 
must,  before  reaching  the  pin, 
])ass  over  a surface  of  oil.  There 
are  several  forms  manufactured, 
some  having  a single  oil  cup, 
while  others  have  more  than  one. 
W'e  illustrate  herewith  a single 
cup  insulator,  as  made  by  Johnson 
6b  Phillips,  London,  Pmgland. 
The  insulator  is  of  porcelain 
while  an  iron  pin  is  used.  In 
America  gla.ss  insulators  are  more 
commonly  employed  while  wooden 
pins  are  generally  used.  The 
illustration  on  the  opposite  page 
shows  a section  of  the  insiilator, 
from  which  its  construction  will 
be  readily  understood.  The  in- 
sulator, I,  is  connected  with  the 
iron  pin,  P,  the  latter  being  grooved  to  secure  a firm  joint.  The 
cup,  C,  is  partially  filled  with  oil  when  the  insulator  is  in  use.  No 
matter  how  wet  the  insulator  nia\’  become  the  surface  of  the  oil 
will  alwa}’s  interpose  an  extremely  high  resistance  between  the 
conductor  and  earth. 


92 


It  is  sometimes  inconvenient  to  employ  oil  insulators, 
and  we  have,  therefore,  designed  a special  insulator  without  oil, 
which  we  have  successfully  employed  in  transmitting  energy  at 
10,000  volts  potential  over  a distance  of  twenty-eight  miles.  The 

top  of  a pole  with  cross  arms 
equipped  with  insulators  of  this 
tvpe  is  shown  on  page  9.  The 
plant  where  this  is  accomplished 
is  now  in  operation,  and  is  a 
success  from  a commercial  as 
well  as  an  engineering  stand- 
„ point.  At  the  time  when  the 
installation  of  this  plant  was  com- 
pleted, by  connecting  a twentv- 
eight  mile  circuit  in  series  with 
a fiftv-six  mile  circuit  we  ob- 
tained a circuit  eight\'-four  miles 
in  length,  corresponding  with  a 
single  distance  of  forty-two  miles. 
The  bare  copper  conductor  was 
.supported  upon  over  3,200  of 
these  insulators.  The  potential 
employed  was  slightlv  in  excess 
of  10,000  volts.  Under  these  conditions  energy  amounting  to 
over  130  h.  p.  was  successfulh'  transmitted,  and  careful  measure- 
ments were  made  at  both  ends  of  the  line.  The  results  obtained 


verified  the  theoretical  calculations  in  a most  gratifying  maimer. 
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Mechanical  Features  of  Westinohouse 

Apparatus. 

X (thXI{RAT(  )I\S  and  Motors  ineclianical  perfection 
f . important  tlian  electrical  excellence.  (_)nr 

Coni])any  has  never  .sacrificed  the  former  to  the  latter, 
15^  and  we  make  the  claim  that  while  onr  machinery 
is  at  least  equal  as  re.yards  regnlation  and  efficiency 
* to  the  best  machinery  offered  bv  competing  companies, 
it  is  distinctively  superior  as  regards  mechanical  features. 

The  apparatus  which  we  offer  for  the  transmission  of  power 
represents  the  results  of  years  of  experience  and  carefnl  stndy.  No 
expense  in  experimental  research  or  in  practical  test  has  been 
spared,  and  onr  machines  embody  practically  the  highest  possibili- 
ties of  dynamo  and  motor  design.  Inspection  of  the  illnstrations 
on  the  preceding  pages,  — all  of  which  are  from  photographs, — 
will  show  that  both  generators  and  motors  are  symmetrical  in  form, 
and  that  the  construction  is  such  as  to  secure  great  rigidity  of 
frame.  Easy  access  to  every  part  is  provided,  and  so  far  as  possible 
the  parts  are  made  interchangeable. 

In  a dynamo  or  motor  we  have  simply  the  rotary  move- 
ment of  the  armature,  there  being  no  reciprocating  parts.  If, 
therefore,  the  armature  be  perfectly  balanced,  and  the  bearings 
ample,  mechanical  wearing  of  parts  in  this  class  of  machinery  is 
a minimum.  Every  armature  that  is  turned  ont  of  onr  shops  is 
first  accurately  balanced  upon  knife  edges,  and  properly  weighted. 
Shafts  are  of  forged  steel,  and  .self-aligning  ball  bearings  are 
exclusively  used. 

One  of  the  bearings  of  a large  alternator  is  herewith  illns- 
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trated.  The  rings,  R,  R,  which  rest  upon  the  shaft,  S,  are  carried 
around  slowly  by  friction  when  the  machine  is  in  operation,  and 
lift  oil  from  the  reservoirs,  O,  ( ),  in  quantities  sufficient  to  secure 
thorough  lubrication.  The  reservoirs  are  filled  with  oil  throi;gh 


JP 


the  openings  in  the  top  of  the  bearing,  normallv  closed  bv  plugs, 
R,  B.  The  pin,  P,  locks  the  bearing  and  the  shaft  bushing. 

In  all  machines,  except  a few  of  the  smaller  sizes,  we 
employ  the  multipolar  t}’pe  of  field,  which  consists  of  a cast  iron 
ring  having  inwardly  projecting  poles.  These  poles  are  usually  of 
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laminated  steel,  and  are  cast  into  the  rin^  or  frame  of  the  machine. 
The  field  di\  ides  in  two  parts  on  a horizontal  plane  passing  through 
the  shaft.  Provision  is  made  for  readily  lifting  off  the  upper  half 
by  means  of  an  e\’e-bolt  ; when  this  is  done  the  armature  is  readily 
removed.  The  lower  half  of  the  field  with  the  extension  of  the 
base  and  the  sup])orts  for  the  bearings  constitute  a solid  casting. 
This  construction  secures  the  greatest  possible  rigidit\-  of  the  parts, 
and  is  far  superior  to  the  ordinar\-  method  of  bolting  the  bearing 
supp(.)rts  to  the  base. 


In  the  ]n'eceding  pages  we  have 
several  times  referred  to  the  fact 
that  excellent  results  may  be  ob- 
tained from  alternating  current  arc 
lamps  if  the  frequenc\'  selected  for 
the  system  be  suitable.  A great 
deal  depends  upon  the  quality  of 
the  carbon  used.  With  a high  class 
cored  carbon,  and  a frequency  of 
from  forty-five  to  sixty,  — that  is, 
from  5,400  to  7,200  alternations 
per  minute,  — an  excellent  light  is 
obtained,  while  the  arc  is  almost 
noiseless. 

W'e  have  several  types  of  lamps, 
some  of  which  are  adapted  to  out 
of  door  use,  while  others  are  in- 
An  ornamental  lamp  adapted  to 
alternating  current  circuits,  and  suitable  for  the  lighting  of  stores, 
hotel  offices,  etc.,  is  shown  in  the  accompanying  illustration. 


tended  for  indoor  lighting. 
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